This study was conducted to evaluate methane (CH 4 In the section of enteric fermentation, forecasted average CH 4 emissions from 16 local administrative districts were estimated to increase by 4%-114% compared to that of the past except for Daejeon (-63%), Seoul (-36%) and Gyeonggi (-7%). As for manure treatment, forecasted average CH 4 emissions from the 16 local administrative districts were estimated to increase by 3%-124% compared to past average except for Daejeon (-77%), Busan (-60%), Gwangju (-48%) and Seoul (-8%). For manure treatment, forecasted average N 2 O emissions from the 16 local administrative districts were estimated to increase by 10%-153% compared to past average CH 4 emissions except for Daejeon (-60%), Seoul (-4.0%), and Gwangju (-0.2%). With the carbon dioxide equivalent emissions (CO 2 -Eq), forecasted average CO 2 -Eq from the 16 local administrative districts were estimated to increase by 31%-120% compared to past average CH 4 emissions except Daejeon (-65%), Seoul (-24%), Busan (-18%), Gwangju (-8%) and Gyeonggi (-1%). The decreased CO 2 -Eq from 5 local administrative districts was only 34 kt, which was insignificantly small compared to increase of 2,809 kt from other 11 local administrative districts. Annual growth rates of enteric CH 4 emissions, CH 4 and N 2 O emissions from manure management in Korea from 1990 to 2009 were 1.7%, 2.6%, and 3.2%, respectively. The annual growth rate of total CO 2 -Eq was 2.2%. Efforts by the local administrative offices to improve the accuracy of activity data are essential to improve GHG inventories. Direct measurements of GHG emissions from enteric fermentation and manure treatment systems will further enhance the accuracy of the GHG data.
INTRODUCTION
Livestock population in Korea has been increased with a rise in national per capita income causing propensity to consume more livestock products (Lee and Lee, 2003) , which in turn has led to increase greenhouse gas (GHG) emissions from livestock agriculture. In 2009, the government of Korea announced the reduction of GHG emissions up to 30% nationwide and 5.2% in livestock agriculture with active application of reduction methods, compared to GHG emissions estimated by Business-asUsual in 2020. Key categories and emissions of GHG sources should be examined accurately in order to accomplish the GHG reduction target (Kim, 2007) .
According to the revised 1996 Intergovernmental Panel on Climate Change (IPCC) guidelines for national greenhouse gas inventories, methane (CH 4 ) and nitrous oxide (N 2 O) are the target gases in livestock agriculture. Enteric fermentation is the source of CH 4 and manure treatment is the source of CH 4 and N 2 O. Methane from enteric fermentation is the byproduct of microbes' metabolic activities in the digestive organs. Microbes in anaerobic rumen, especially, play a key role in digesting feed for ruminant, which causes higher CH 4 production compared to pseudo-ruminant and monogastric livestock. Methane emissions during manure treatment are produced by microbes digesting organic matters in manure stored in anaerobic condition. Methane production from manure treatment is mainly affected by the amount of stored manure, organic matter contents in manure, and the portion of manure anaerobically decomposed. Nitrous oxide emissions during manure treatment are produced during decomposition of nitrogen sources in anoxic condition. Methane and N 2 O emissions are also affected by the location of manure treatment facilities in climate region and the duration of manure treatment (Park et al., 2006; 2011) .
Quantifying GHG emissions from in regional and national livestock agriculture have been studied worldwide (Zhou et al., 2007; Aljaloud et al., 2011; Merino et al., 2011) . Previous researches on GHG emissions from livestock agriculture in Korea have been focused on the quantifying CH 4 emission during enteric fermentation for national inventory for CH 4 (Lee and Lee, 2003) , the evaluation of GHG emissions during main processes in public livestock manure treatment facilities (Lim et al., 2011) , and the evaluation of GHG emissions from livestock manure and food waste co-digesting biogas facility with the life cycle assessment (Nam et al., 2008) . Currently local administrative districts are interested in the characteristics of their GHG emissions and GHG mitigation measures. Hence, this study was conducted to determine the characteristics of CH 4 and N 2 O emissions from livestock agriculture and to estimate those emissions in the past and in the future in 16 local administrative districts.
MATERIALS AND METHODS

Activity data and system boundary
Activity data and emission factors in livestock category are essential to calculate GHG emission presented by IPCC (2006) . The necessary activity data needed to calculate GHG emission were found in national statistics of the year. Dairy, beef including Korean native cattle called Hanwoo, swine, chicken, goat, sheep, horse, deer, and duck were chosen for this study. Greenhouse gases were emitted by two paths, enteric fermentation and manure treatment. Methane was emitted from enteric fermentation and manure treatment, and nitrous oxide was emitted from manure treatment. It is noteworthy that the populations of goat, sheep, horse, deer, and duck between 1990 and 1992 were not found so that emissions were not calculated. Population of livestock was based on December of the year and shown in Table 1 . Activity data of the distribution and the types of livestock manure treatment systems in GIR (2011) were used for 16 local administrative districts of Korea. National mean air temperature (14C) were used for the mean temperature where manure treatment systems located.
Calculation of greenhouse gas emissions from 16 local administrative districts in Korea IPCC (2006) guideline was used to calculate GHG emissions. IPCC (1996) and GIR (2011), however, were referred if activity data were not ready for the conditions of IPCC (2006) . The conditions of selection of emission factors referred to GIR (2011) are based on Tier 1 approach. According to the explanation of IPCC (2006) were Gyeonggi (-1,029 t, -3%), Gwangju (-465 t, -52%), Daejeon (-351 t, -57%), Busan (-88 t, -28%), and Seoul (-48 t, -57%). Methane emissions from enteric fermentation in other 11 local administrative districts had increased since 1990. Correlation analysis was conducted to find the effects of major livestock species on enteric CH 4 emissions in Korea (Table 3) . Correlation of CH 4 from beef cattle to total CH 4 emissions from enteric fermentation was very high (r = 0.977), which was much stronger than dairy (r = 0.120) and swine (r = -0.098). Hence, beef cattle were main contributor of enteric CH 4 emissions from enteric fermentation.
Yearly CH 4 emissions from manure treatment systems in 16 local administrative districts of Korea between 1990 and 2009 steadily increased from 70,620 t in 1990 to 112,525 t in 2009, which was 29%-60% less than yearly CH 4 emissions from enteric fermentation. Methane emissions by manure treatment systems in Gyeonggi, the highest CH 4 source of manure treatment systems among 16 local administrative districts, were between 26,281 t and 30,767 t from 1990 and 2009. Local administrative districts where emitted less CH 4 from manure treatment systems in 2009 than in 1990 were Daejeon (-227 t, -88%), Gwangju (-181 t, -63%), Incheon (-112 t, -15%), Busan (-108 t, -40%), Seoul (-51 t, -90%), and Daegu (-4 t, -1%). Other 10 local administrative districts emitted steady or more CH 4 (0%-298%) in 2009 than in 1990 from manure treatment systems. Correlation analysis was conducted to examine the effects of major livestock species on CH 4 and N 2 O emissions from manure treatment systems in Korea. Correlations of CH 4 emissions from manure treatment system of swine, duck, and chicken to total CH 4 emissions were high (r = 0.990, r = 0.923, and r = 0.861, respectively), which were much stronger than dairy (r = -0.328) and beef cattle (r = -0.119). Hence, monogastric livestock was the main contributor of CH 4 emissions from manure treatment systems. Correlation coefficients of N 2 O emissions from beef cattle, dairy, swine, chicken, and duck to total N 2 O emissions from manure treatment systems were r = 0.604, r = -0.295, r = 0.693, r = 0.700, and r = 0.701, respectively. Hence, major livestock except for dairy had moderate correlation with total N 2 O emissions. With conversion of CH 4 and N 2 O emissions from manure treatment systems to CO 2 -Eq, correlation coefficient of CO 2 -Eq from swine, duck, and chicken to total CO 2 -Eq emissions from manure treatment systems were r = 0.954, r = 0.918, and r = 0.880, respectively, which were much stronger than dairy (r = -0.376) and beef cattle (r = 0.143). Hence, monogastric livestock were main contributor of GHG emissions from manure treatment systems.
Annual growth rates of enteric CH 4 emissions, CH 4 and N 2 O emissions from manure management in Korea from 1990 to 2009 were 1.7%, 2.6%, and 3.2%, respectively. The annual growth rate of total CO 2 -Eq was 2.2%. In Korea, annual population growth rate of beef cattle, swine, chicken and duck were 2.6%, 4.0%, 3.3% and 16.0%, respectively, while annual dairy population growth rate was -0.7%. Zhou et al. (2007) reported that annual growth rates of enteric CH 4 emissions, CH 4 and N 2 O emissions from manure management in China from 1949 to 2003 were 2.2%, 3.5%, and 3.0%, respectively. The annual growth rate of total CO 2 -Eq was 2.4%. They found swine was the main contributor of GHG emissions followed by goat and sheep. from enteric fermentation in 2030 would decrease in Gyeonggi (-6,925 t, -18%), Daejeon (-150 t, -70%), and Seoul (-5 t, -13%). Methane emissions from enteric fermentation in other 13 local administrative districts would increase between 171 t and 13,929 t (11%-103%). The largest increase in CH 4 emissions from enteric fermentation would happen in Gyeonsangnam (13,929 t, 66%).
Methane emissions from manure treatment systems in 16 local administrative districts of Korea between 2010 and 2030 were forecasted to increase from 123,010 t in 2010 to 156,185 t in 2030, which was 95,896 t-111,775 t (39%-46%) less than those from enteric fermentation. When compared to CH 4 emissions from manure treatment systems in 2010, CH 4 emissions from manure treatment systems in 2030 would decrease in Gyeonggi (-3,670 t, -12%), Busan (-75 t, -47%), Gwangju (-44 t, -38%), Daejeon (-13 t, -44%), and Seoul (-0.003 t, -0.01%). Methane emissions from manure treatment systems in other 11 local administrative districts would increase between 22 t and 9,898 t (4%-74%). The largest increase in CH 4 emissions from manure treatment systems would happen in Chungcheongnam (9,898 t, 46%).
Nitrous oxide emissions from manure treatment systems 
Measures to increase accuracy and reliability
The most difficult task to calculate GHG emissions from 16 local administrative districts was to collect activity data, especially manure treatment systems, of 16 local administrative districts. Methane and N 2 O emissions from manure treatment systems depended on the location and type of manure treatment systems, and mean temperature where manure treatment systems were located, but it was hard to find official statistical data. Livestock population data was collected by national statistical system, but the high variability made the population forecast difficult.
Uncertainties of activity data such as statistics of livestock population and manure treatment system were obstacles to calculate GHG emissions accurately, so that national approach to improve statistics related to GHG inventory would be key issue. Hence, local administrative districts' effort on activity data accuracy is essential to improve GHG inventories. In addition, direct measurements of GHG emissions from enteric fermentation and manure treatment systems are indispensable.
